This study explored the adsorption capacity of Mg/Al layered double hydroxide (LDH) for the removal of Cu 2+ from aqueous solutions after synthesis and characterization. The effect of various operational parameters such as concentration, temperature and sorption time on the adsorption of Cu 2+ was investigated using batch adsorption process experiments. It was found that layered double hydroxide (LDH) can be used as adsorbent for the removal of copper ions in aqueous solution containing low concentration of the metal salt. The average values of activation energy, isosteric heat of adsorption, entropy and enthalpy were 1.447, 12.9, 0.0137 and -4.8390 kJ/mol, respectively. This shows that the adsorption of the metal ion on the adsorbent follows a physical adsorption mechanism. The kinetic results conform to pseudo-second order model (R 2 = 0.9959) and second order kinetic model (R 2 = 0.9952) while the adsorption characteristics of the adsorbent followed both Langmuir and Freundlich adsorption isotherm models.
Equilibrium, kinetic and thermodynamic studies of the uptake of copper by layered double hydroxide liver and kidney failure, even death [4] [5] [6] [7] . Removal of metal ions from wastewater in an effective manner has become an important issue. Efficient methods for the removal of metals have resulted in the development of new separation techniques. Precipitation, ionexchange, flocculation, adsorption, electro-chemical processes, electro dialysis, nanofiltration and reverse osmosis are commonly applied for the treatment of wastewater [8] . However, these methods are either inefficient or expensive when heavy metals exist in low concentrations [9] . Additionally, these methods may also affect the generation of secondary wastes, which are difficult to treat. Adsorption is an alternative technology to which an increased amount of studies have been focused because of cost effectiveness, local availability and technical feasibility for the removal of heavy metal ions from the wastewater [10] . Different factors affecting the adsorption, such as the contact time, adsorbent dose, pH and temperature, were examined to optimize the adsorption equilibrium and the kinetic data are fitted using different models and parameters.
Layered nanomaterials are getting lots of attention due to their unique structural flexibility, which is useful for the development of new hybrid materials with controlled functionality [11] . The layered double hydroxide (LDH) is also known as hydrotalcite-like material or anionic clay, it is the large group of natural or synthetic materials that are layered, containing the hydroxide of two or more different kinds of metal cations and pos-sessing an overall positive charge, which neutralized by the incorporation of exchangeable anion [12] . The structure of LDH closely related to brucite-like layer, Mg(OH) 2 , where Mg 2+ is octahedrally surrounded by six OH and share edges with to form infinite sheet [13] . Some of the divalent ions are replaced by trivalent ions, resulting in positively charge sheet and compensated by anions in the interlayer galleries along with the water molecules [14] [15] [16] .
The general formula that represents this class of materials is [M ) [19] . The monovalent anions such as NO 3 -and Cl -within the interlayer gallery space can be easily replaced by desired anions [20] . The structure of LDH forms two-dimensional crystals consisting of thin crystalline layers stacked by van der Waals and/or weak electrostatic interaction; thus various guest anions can be inserted into the LDH interlayer galleries [17] . This material is two dimensional type layered structure consisting of thin crystalline layers with a thickness of a few nanometers [21] . LDHs have anionic exchange capacity and the ability to capture organic and inorganic anions make them almost unique as inorganic materials [22] . LDH has been used in diverse applications such as adsorbents [23] , drug delivery [24] , controlled release formulation [15] , and sensors [25] . There are varied ways to intercalate anions into LDH interlayer gallery, such as co-precipitation method [26] , hydrothermal method [24] and ion-exchange method [15] .
This work investigated the direct application of the LDH for the removal of Cu 2+ without further intercalation.
EXPERIMENTAL

Synthesis of LDH
Carbonate form of Mg-Al LDH was synthesized by co-precipitation method. A 50 ml aqueous solution containing 0.4 M Mg(NO 3 ) 2 ⋅6H 2 O and 0.1 M Al(NO 3 ) 3 ⋅9H 2 O with Mg/Al ratios 3:1, was added drop wise into a 50 ml mixed solution of (NaOH (2M) + Na 2 CO 3 (1M) with vigorous stirring and maintaining a pH of greater than 10 at room temperature. After complete addition which last between 2.5 and 3 h, the slurry formed was aged at 60 °C for 18 h. The products were centrifuged at 5000 rpm for 5 min, with distilled water 3-4 times and dried by freeze drying.
Characterizations
The powdered layered double hydroxide was characterized by Powder X-ray diffraction (XRD), Fourier Transform infrared spectroscopy (FTIR) and EDX/TEM analysis.
Aqueous solution of heavy metal
All reagents used for this study were of analytical reagent grade and were procured from Zayo-Sigma Chemical Ltd. Jos, Nigeria. 1000 mg/l aqueous solutions of the metals ion was prepared as stock from their salts (CuSO 4 ). From the stock, working solutions were diluted to the appropriate concentrations. The total concentration of each metal ion in the aqueous solution was confirmed by analysis using (Unicam thermo/solar system 2009 model) atomic adsorption spectrometer (AAS).
Sorption studies
The adsorption of Cu(II) ions onto layered double hydroxide was studied by the mean of batch technique. The procedure used for this study is described as following: a known weight (0.2 g) of layered double hydroxide was equilibrated with 10 ml of the lead solution of known concentration, in a stoppered propylene flask, at a fixed temperature and in a thermostatic shaker for a known period time. After the equilibration using a constant stirring speed, the suspension was filtered out and analysed for its lead concentration, using atomic adsorption spectrometer (Analyst 100 Perkin Elmer).
The effect of several parameters such as contact time, initial concentration of copper solutions and temperature on the adsorption was studied following different sets of experiments:
A 0.2 g of the powder sample was weighed out using an electronic weighing balance and placed in three (3) pre-cleaned test tubes. 10 ml of metal ion solution with standard concentration of 0.08, 0.12 and 0.16 g/L which was made from spectroscopic grade standards of copper ion from copper sulphate was added to each test tube containing the weighed sample and equilibrated by rocking (agitation) for 30 min and then centrifuged at 2500 rpm for 5 min and decanted. The supernatants were stored for lead ion analysis as stated in metal analysis. For contact time 10, 20 and 30 min were used at standard concentration of 0.16 g/L of copper and for effect of temperature on the uptake of copper ions by the LDH, temperature range of 40-80 °C was applied at standard concentration of 0.16 g/L of copper solution.
Data analysis
For data analysis, various equilibrium, kinetic, and thermodynamic models (equations) were employed to interpret the data and establish the extent of adsorp-tion. The amount of metal uptake was computed using the material balance equation for batch dynamic studies [23] :
where q e is metal uptake capacity (mg/g LDH at equilibrium), c e is metal ion concentration in solution (mg/g) at equilibrium, c 0 is the initial metal ion solution (mg/g), V is the volume of solution in litres and M the dry weight of LDH used in (g). Langmuir plots were carried out using the linearized equation:
where X is the amount of Cu 2+ adsorbed per mass M of layered double hydroxide in mg/g, a and b are the Langmuir constants obtained from the slope and intercepts of the plots. The essential characteristics of the Langmuir isotherm were expressed in terms of a dimensionless separation factor or equilibrium parameter S F [24] :
with c 0 as initial concentration of Cu 2+ in solution, the magnitude of the parameter S F provides a measure of the type of adsorption isotherm. If S F > 1.0, the isotherm is unfavourable; S F = 1.0 (linear); 0 < S F < 1.0 (favourable) and S F = 0 (irreversible). The adsorption intensity of the Cu 2+ in the layered double hydroxide was assessed from the Freundlich [25] plots using the linearized equation:
where k and n are Freundlich constants and 1/n is approximately equal to the adsorption capacity. The fraction of double layered hydroxide covered [26] by the Cu 2+ was computed:
with θ as degree of surface coverage.
The effectiveness of the adsorbent (LDH) was assessed by the number of cycles of equilibrium sorption process required to reduce the levels of Cu 2+ in solution according to the value of the distribution (partition coefficient (K d ):
where c aq is concentration of Cu 2+ (mg/g) in solution; c ads is concentration of Cu 2+ mg/l) in LDHs. The isosteric heat of adsorption at constant surface coverage is calculated using the Clausius-Clapeyron equation:
where c e is the equilibrium adsorbate concentration in the solution (mg L -1 ), ΔH * is the isosteric heat of adsorption (kJ mol -1 ), R is the universal gas constant (8.314 J mol -1 K -1 ), and T is temperature (K). Integrating the above equation, assuming that the isosteric heat of adsorption is temperature independent, gives the following equation:
where K is a constant. The isosteric heat of adsorption is calculated from the slope of the plot of ln c e versus 1/T different amounts of adsorbate onto adsorbent.
The linear form of the modified Arrhenius expression was applied to the experimental data to evaluate the activation energy (E a ) and sticking probability S * as shown:
The apparent Gibbs energy change of sorption, ΔG o , which is a fundamental criterion for spontaneity, was evaluated using the following equation:
The experimental data was further subjected to thermodynamic treatment in order to evaluate the apparent enthalpy (ΔH°) and entropy (ΔS°) change of sorption:
The expression relating the number of hopping (n) and that of the surface coverage (θ) as shown in Eq. (11) was applied to the experimental data:
To determine the kinetic parameters of adsorption of the LDH, second-order and pseudo-second-order kinetic models were applied to test the experimental. The second-order kinetic model is as follows: 
RESULTS AND DISCUSSIONS
SEM/EDX
Figures 1 and 2 clearly show the pre and post adsorption photographs and graph of SEM images and EDX respectively. The EDX graphs shows the binding on the surface of the layered double hydroxide by the copper ion, while the SEM image of post adsorption shows coverage of available pores in relation to pre-adsorption image.
XRD
The typical XRD pattern (Fig. 3) shows a lamellar structure of LDH material. Peaks at 8.6, 23.4 and 34.6 correspond to d -spacing at 1.027, 0.3797 and 0.259 nm, respectively. This is consistent with layered materials. These values are similar to those reported in literature [27] . 
FT-IR
The IR spectra of synthesized anion clays (Fig. 4) resemble those of other hydrotalcite-like phases [27] : The band at 3408 cm -1 which could be attributed to the stretching vibration of hydroxyl group. The low intensity band at 1632 cm -1 is assigned to bending vibration of strongly adsorbed water (solvation water for compensating anion vibration). The band at 1363 cm -1 is assigned to carbonate vibration (CO 3 2-), the bands at 672 is due to M-O vibration. is presented in Figure 5 . The maximum adsorption of 60% took place at equilibrium concentration of 2 0 mg/l Cu 2+ . This is because at lower concentration more LDH pore spaces were available for the Cu 2+ but as the concentration of Cu 2+ increased, the adsorption capacity of the LDH decreased due to reduced availability of free pore spaces. The results indicated that the sorption of Cu 2+ was very much dependent on the concentration of the Cu 2+ . Effect of temperature. Figure 6 also presents the plot of percentage adsorption of Cu 2+ by the LDH at varying temperatures with optimum sorption of 50% occurring at 28 °C. The plot showed that further increase in temperature resulted in a slight decrease in adsorption. This is in agreement with the general principle that physical adsorption decreases with increase in temperature. This behaviour could be attributed to the weakening of the attractive forces between the LDH and Cu 2+ , the increased kinetic energy of the Cu 2+ and the decrease in the thickness of the boundary layers of the LDH due to the higher tendency of the Cu 2+ to escape from the pores. Time dependency. Time dependency studies show the amount of time needed for maximum adsorption to occur. The variation in percentage removal of Cu 2+ with time has been presented in Figure 7 . It indicates that a maximum of 65% removal of Cu 2+ was observed in 20 min and remained constant afterwards. The relatively short contact time required to attain equilibrium suggests that a rapid uptake of Cu 2+ by the LDH occurred to fill some of the vacant pores in the LDH and after which the remaining spaces were difficult to be occupied due to repulsive forces between the Cu 2+ . Adsorption isotherms. The extent of adsorption can be correlated by means of an isotherm. Attempts were made to fit the data obtained from the adsorption experiments into various adsorption isotherms. The linear plots of the Langmuir and Freundlich isotherm models for the sorption of Cu 2+ by the LDH are presented in Figures 8 and 9 . These straight line plots confirmed the application of the Langmuir and Freundlich isotherm models to the adsorption of Cu 2+ by the LDH. The slopes and intercepts were used to compute the Langmuir constants and adsorption capacity.
In order to determine the nature of the adsorption process, whether favourable or unfavourable, the dimensionless constant separation term S F was investingated (Eq. (3)). The result (S F = 0.974) in Table 1 was less than one and greater than zero which showed that the sorption of Cu 2+ onto the layered double hydroxide was favourable. The fraction of the LDH surface covered by the Cu 2+ is given as 0.46 (Table 1 ). This value indicates that 46% of the pore spaces of the LDH surface were covered by the Cu 2+ which means average degree of adsorption. The effectiveness of the LDHs as adsorbent for Cu 2+ from solution was assessed through the sorption distribution or partition coefficient K d presented in Table  1 . The value of K d (0.86) suggests that LDHs are an effective adsorbent and that a very few number of cycles of equilibrium sorption process will be required to reduce the levels of Cu 2+ in solution. In order to calculate the isosteric heat of adsorption (ΔH x , Figure 10 ) for the sorption of Cu 2+ onto the LDH, Eq. (8) The activation energy E a and the sticking probability S* ( Figure 11) were calculated from Eq. (9). The value of E a and S* were shown in Table 1 and 0.46, respectively. Two main types of adsorption may occur, physical and chemical. In physisorption, the equilibrium is usually rapidly attained and easily reversible, because the energy requirements are small. The activation energy for physisorption is usually no more than 4.2 kJ mol -1 since the forces involved in physisorption are weak. Chemisorption is specific and involves forces much stronger than in physisorption on. Therefore, the activation energy for chemisorption is of the same magnitude as the heat of chemical reactions. Two kinds of chemisorptions are encountered, activated and, less frequently, nonactivated. Activated chemisorption means that the rate varies with temperature according to finite activation energy (between 8.4 and 83.7 kJ/mol) in the Arrhenius equation (high E a ). However, in some systems the chemisorption occurs very rapidly, suggesting the activation energy is near zero. This is termed as a non-activated chemisorption. Relatively low value of E a also suggests that the sorption process is diffusion controlled. The sticking probability S* indicates the measure of the potential of an adsorbate to remain on the adsorbent. It is often interpreted as S* > 1 (no sorption), S* = 1 (mixture of physic-sorption and chemisorption), S* = 0 (indefinite sticking -chemisorption), 0 < S* < 1 (favourable sticking -physic-sorption). The value of S* obtained for the sorption of Cu 2+ by the LDHs was between zero and one which indicates that the adsorption was favourable and followed physic-sorption mechanism. The values of the enthalpy change (∆H o , Figure 10 ) and entropy change ∆S were calculated from equation 10 to be -4.839 J/mol and 13.7 J/(mol K), respectively. A negative ∆H o suggests that sorption proceeded favourably at a lower temperature and the sorption mechanism was exothermic. A positive value of ΔS 0 (13.7 J/(mol K)) reflects the affinity of the adsorbent towards the adsorbate species. In addition, positive value of ΔS 0 suggests increased randomness at the solid/solution interface with some structural changes in the adsorbate and the adsorbent. The adsorbed solvent molecules, which are displaced by the adsorbate species, gain more translational entropy than is lost by the adsorbate ions/molecules, thus allowing for the prevalence of randomness in the system. The positive ΔS 0 value also corresponds to an increase in the degree of freedom of the adsorbed species. This is further confirmed by the value of ΔG o which is -8.8 kJ/mol. The probability of Cu 2+ finding vacant site on the surface of the carbon layered double hydroxide during the sorption was correlated by the number of hopping (n) done by the Cu 2+ . The hopping number presented in Table 1 is 4 (the lower the hopping number, the faster the adsorption. The low value of n obtained in this study suggests that the adsorption of Cu 2+ on the layered double hydroxide was very fast.
The experimental data was further subjected to certain kinetic parameters as shown in Figures 12 and  13 . The results conform to pseudo-second order model (R 2 = 0.9959) and second order kinetic model (R 2 = = 0.9952). 
CONCLUSION
The successful synthesis and initial characterization created a unique fingerprint for the layered double hydroxide whose binding capacity was further confirm by the post-adsorption characterization studies. The equilibrium, kinetic and thermodynamic batch adsorption studies recorded a significant uptake of the Cu 2+ by the LDH which was diffusion controlled. The adsorption was favored by low temperature and energy which was exothermic with a physisorption mechanism. Therefore, Mg/Al layered double hydroxide is a viable option for the removal of Cu 2+ in aqueous medium.
